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Fig.1 Two-machine system model
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Fig.3 Angle different variation curves after
disturbance ignoring governor response
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Fig.6 Angle different variation curves after disturbance
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Table 2 Indexes of angle oscillation and frequency dynamic of each machine cluster
B Bl B2 B3 K4 KBS Bile Bil7 B8
A6,/ (°) 11.350  14.620  17.810  24.780  29.403  36.280  44.170  63.060
Ij]?éf;@ ATy/s 1.730 1.750 1.750 1.780 1.670 1.730 1.790 2.020
A8,/ (°) 9.820  12.380  14.800  18.980  24.000  29.220  34.880  46.590
ky/(Hzes™") -0.064 -0.073 -0.088 -0.101 -0.121 -0.138 -0.151 -0.176
A ﬁibfﬁ Af s/ Hz 0.104 0.129 0.154 0.250 0.333 0.401 0.496 0.633
AT, 1/s 1.180 1.200 1.200 2.710 1.300 1.372 2.810 1.800
ky/(Hz+s™") -0.179  -0.235 -0.302 -0.423 -0.544 -0.665 -0.787 -1.011
B Efrf@ Af o/ Hz 0.098 0.120 0.142 0.270 0.361 0.436 0.515 0.782
AT,/ 1.800 1.840 1.860 2.080 1.960 2.061 2.203 2.490
AB R S/ Hz 49.965  49.961  49.957  49.909  49.893  49.878  49.864  49.799

Af s max” Hz 0.071 0.080 0.104 0.138 0.156 0.200 0.221 0.285
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Table 3 Indexes of angle oscillation and frequency dynamic of each observation point

£zt Bl iz B3 fid4 fEs fie #i7 I8
A8,/ (°) 11.350  14.620  17.810  24.780  29.403  36.280  44.170  63.060

Ij]fgf?% ATy /s 1.730 1.750 1.750 1.780 1.670 1.730 1.790 2.020
AS../(°) 9.820  12.380  14.800  18.980  24.000  29.220  34.880  46.590
k/(Hz-s™") -0.057 -0.062 -0.072 -0.083 -0.097 -0.110 -0.119 -0.135

S 51 Af i/ Hz 0.105 0.131 0.156 0.255 0.339 0.405 0.506 0.646
AT, /s 1.160 1.160 1.170 1.380 1.300 1.340 2.800 2.750
k/(Hz-s™") -0.057 -0.118 -0.141 -0.168 -0.204 -0.238 -0.264 -0.314

T A5 3 Afpai? Hz 0.102 0.126 0.151 0.254 0.325 0.393 0.506 0.648
AT,./s 1.200 1.200 1.190 2.701 1.330 1.330 2.880 2.250
k/(Hzs™") -0.063 -0.066 -0.065 -0.068 -0.069 -0.074 -0.081 -0.087

T 15 5 Af pai? Hz 0.107 0.132 0.157 0.262 0.334 0.407 0.508 0.690
AT,../s 1.079 1.080 1.101 1.520 1.210 1.440 2.510 1.780
k/(Hzes™") -0.048 -0.054 -0.072 -0.085 -0.099 -0.112 -0.118 -0.138

W A5 6 Af i/ Haz 0.104 0.129 0.155 0.257 0.336 0.404 0.509 0.647
AT,.o/s 1.220 1.220 1.220 1.210 1.300 1.360 2.670 1.950
k/(Hz-s™") -0.157 -0.218 -0.308 -0.575 -0.602 -0.633 -0.888 -1.149

WL A58 Af i/ Hz 0.109 0.127 0.156 0.278 0.373 0.458 0.529 0.792
AT, /s 1.870 1.890 0.750 2.150 1.991 2.020 2.160 2.490
k/(Hz-s™") -0.243  -0.260 -0.363 -0.339 -0.536 -0.746 -0.791 -1.029

W £ 9 Af ni/ Hz 0.101 0.118 0.143 0.269 0.355 0.428 0.510 0.770
AT, /s 1.430 1.490 1.440 2.020 1.980 2.090 2.190 2.500
k/(Hz-s™") -0.250 -0.263 -0.367 -0.347 -0.529 -0.725 -0.757 -0.980

T A5 10 Af i/ Hz 0.100 0.118 0.141 0.272 0.357 0.422 0.509 0.781
AT, /s 1.370 1.640 1.410 1.950 1.890 2.111 2.260 2.480
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Table 4 Indexes of frequency dynamic of each machine cluster
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0.40 s 2.275 0.783 1.653 0.225 0.805 0.970 49.998 0.831
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Coupling characteristic analysis of power system frequency

dynamic and power angle oscillation
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Abstract ; For the analysis of the coupling characteristics of the power system frequency dynamic and power angle oscillation , the

mechanism of the two-machine system under disturbances is derived in this paper, and the mechanism of the multi-machine

system is obtained based on the extended equal area criterion (EEAC). A quantitative assessment index is proposed based on

the Pearson coefficient,which quantified the coupling according to the characteristics of frequency dynamics and power angle

oscillation. The influence of power angle oscillation on the frequency dynamic indices is analyzed, and the coupling degrees of

between the power angle oscillation and different frequency dynamic indices are assessed quantitatively. The results of the

mechanism analysis and case study verify the proposed quantitative indices and show the coupling characteristics of the power

system frequency dynamic and power angle oscillation,which provided guidance for optimal frequency and power angle control.

Keywords : frequency dynamic; power-angle oscillation; coupling characteristic; quantitative analysis; frequency stability;

synchronous stability
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